Abstract
Introduction
In the present-day eastern Mediterranean, sulfate reduction is not important for at least the upper 100 m below seafloor in most hemipelagic sediments Ž . Pruysers et al., 1991; Emeis et al., 1996 . Suboxic diagenesis is dominant in these sediments. Notable exceptions are the anoxic conditions found in sedi-Ž . ments of so-called mud volcanoes Ž and in sediments underlying brine-filled basins Hen-. neke et al., 1997 . Suboxic diagenesis is characterized by reductive dissolution of Mn and Fe Ž . . Fe . At 20 to 30 cmbsf centimeters below seafloor in the sediment the reduced Fe and Mn species meet downward diffusing oxygen and this results in the Ž . precipitation of Mn and Fe hydr oxides at the oxida-Ž tion front above the youngest sapropel Thomson et . al., 1995; , which is Ž sapropel Si2 S1 at 0.4 mbsf; Si numbering after . Lourens et al., 1996 and Langereis et al., 1997 . Hence, it was surprising to find that sulfide was present in the porewaters of the 19.6 m-long piston core KC19C from a hill in the Herodotus Abyssal Ž X Plain between Crete and Cyprus 33847.85 N, . 28836.50 E, water depth 2750 m; Fig. 1 . This exceptional core was therefore selected for a detailed biogeochemical study. In addition, KC19C contains a large number of sapropels. These recurrent organic-rich layers in the eastern Mediterranean sedimentary record are related to astronomically forced Ž climatic variations e.g., Rossignol-Strick, 1985 ;
. Hilgen, 1991 . Accordingly, the time scales of sapropel sequences can be ideally calibrated with astronomical cyclicity records. As KC19C contained an extraordinarily complete series of sapropels, the core is very useful to reconstruct a time frame. Moreover, the time-span of the sediments in this core is long enough to potentially detect the BrunhesrMatuyama geomagnetic reversal and short reversal excursions in the Brunhes chron. These geomagnetic features were found in 37-m long piston core KC01B Ž Dekkers et al., 1994; Lan-. gereis et al., 1997 . This core is representative for the eastern Mediterranean and it has been successfully used for the astronomical calibration of sapropels based on magnetostratigraphy and geochemical Ž properties Dekkers et al., 1994; Langereis et al., . 1997 . In core KC01B the reversal of the earth's magnetic field at the transition from the Brunhes to the Matuyama chron is recorded at almost 30 mbsf Ž which was calculated to be at 812 ka . The sapropel layers in core KC01B are enriched in organic C and Ba, related to enhanced Ž productivity during sapropel formation van . Santvoort et al., 1997 . Enrichments of Fe and S are present in the sapropels in core KC01B as a result of bacterial sulfate reduction and subsequent pyrite formation. Sediments in between the sapropels do not contain significant pyrite, except for distinct zones ) below each sapropel, where Fe and S are enriched as a result of pyrite formation following diffusion of Ž sulfide out of a sapropel during its deposition Pas-. sier et al., 1996 . Although past depositional and diagenetic regimes are recorded in the sediments, present-day diagenetic processes may continuously change the chemistry of the entire sedimentary record. In the present contribution, we use detailed geochemical and magnetic analyses of core KC19C to demonstrate the profound consequences of present-day diagenetic processes, in particular that of sulfate reduction, on the chemistry of sediments that were deposited up to hundreds of thousands of years ago. We will show that these geochemical processes can obscure and destroy geological information stored in the sedimentary record. The core contained a succession of sapropels with an anomalously high number Ž of sapropels below sapropel Si20 S8; Si numbering . after Lourens et al., 1996; Langereis et al., 1997 . The olive green to brownish black sapropels were embedded in homogeneous gray to white carbonate oozes. A strong H S smell characterized the sections 2 of the core below 4 mbsf upon splitting onboard Ž . ship. The lowermost two sections 122 cm of the core were characterized by highly fluctuating P-wave velocities, while the other sections showed smooth P-wave velocity patterns. In addition, expansion cracks were observed in the deepest section.
Materials and methods

Core
Porewater
Immediately after core-splitting, one half of the core sections was transferred into an N -filled 2 Ž . oxygen always below 0.001% glove box system at the in situ bottomwater temperature. Porewater extraction was started within 24 h of core collection.
Portions of wet sediment were put into Reeburgh-type sediment squeezers mounted inside the glovebox. Approximately five sediment samples of about 10 cm length were squeezed per meter of core. The porewaters were extracted under an N pressure of 2 3 Ž . up to 1 = 10 kPa Reeburgh, 1967; de Lange, 1992 . After the sediment samples for porewater extraction were taken, Eh and pH punch-in measurements were taken as closely to the sampled intervals as possible. Eh equipment consisted of a reference electrode, an Ingoldt Pt electrode, and a Knick portamess 651-mV meter. The electrode assembly was allowed to stabilize for 3 min. A Zobell solution was used for calibration of the potential difference measurements, these were recalculated to values relative to a standard H electrode. For pH a combination of 2 glassrreference electrode was used, the electrode was allowed to stabilize for 30 s and recalibrated in between measurements of each 1 m core section. Porewater samples were subsampled inside a glove Ž q . box for onboard analysis of ammonium NH ,
Ž . bisulfide HS , and alkalinity Alk . Ammonium and bisulfide were analyzed on a TRAACS-800 auto Ž . analyzer system Grasshoff, 1976 . The error in nutrient measurements was -4%. Bisulfide measurements below the top 6 m of KC19C showed an Ž . enormous scatter 20 to 400 mmolrl , probably as a result of oxidation or degassing before analysis. Therefore, no measurements were done below 9 mbsf. Bisulfide was present in all the core sections below this depth, however, as concluded from the strong H S smell. The detection limit for sulfide was 2 2 mmolrl. Alkalinity was determined by automatic Ž y . titration. In Utrecht chloride Cl was analyzed by potentiometric titration with a standard deviation of Ž -1% using a 0.06 M AgNO solution van Santvoort 3 . and de A set of subsamples was acidified to pH 0-1 inside a glovebox onboard ship. The samples were stored at 48C until analysis of total Mn, total Ba, and total S by inductively coupled plasma atomic emis-Ž . sion spectrometry ICP-AES, ARL 34000 . Total S Ž 2y . is equal to the sulfate SO content of the porewa-4 ters, because sulfide was removed by acidification. Total dissolved Fe in the porewaters of KC19C was determined by Zeeman Atomic Absorption Spec-Ž . trometry Perkin-Elmer 4100 ZL Zeeman AAS . Relative deviations from the mean in duplicate measure-( )ments for porewater Mn, Ba, S, and Fe were -5%. Fe and Mn detection limits were 0.4 and 0.1 mmolrl, respectively.
Solid phase
The core sections were stored at 48C and sampled in Utrecht with 10-cm resolution. However, from 10 cm above to 10 cm below each sapropel, continuous sampling with a resolution of 0.5 cm was applied. Samples were freeze-dried and ground in an agate mortar. Subsamples were dissolved in an HNO -HF acid mixture. 
Paleomagnetic and rock-magnetic measurements
Samples for paleomagnetic and rock-magnetic analyses were collected with a resolution of 10 cm throughout the core, with the exclusion of intervals within 10 cm around sapropels. This resolution implies one sample per ; 2200 years. The samples are cylindrical with an outer diameter of 25 mm and a height of 22 mm; the sample volume is 8 cm 3 . For all samples the natural remanent magnetization Ž . NRM was progressively demagnetized by stepwise Ž . alternating field AF demagnetization up to peak tometer noise level 5 = 10 A m ; both manufac-. tured by AGICO . The samples proved to be sufficiently solid to withstand the spinning. 
Results
Eh and pH punch-in measurements
Ž Eh shows a sharp change from oxic maximum . 393 mV at 33 cmbsf to anoxic conditions at 180 Ž . cmbsf Fig. 2 ; further down, the Eh gradually decreases to a minimum of y277 mV at 1430 cmbsf. At the bottom of the core Eh slightly increases. The Ž . values of pH Fig. 2 gradually decrease with depth, from pH 7.8 to pH 6.6, before slightly increasing at the bottom of the core.
Porewater
Ammonium shows a downward increase from a minimum of about 10 mmolrl in the top of KC19C to a maximum of 1695 mmolrl at the lower end of Ž . Ž . KC19C Fig 
Rock-magnetic results
Rock-magnetic parameters ARM, IRM and x in Ž . Fig. 6 show the same pattern as the other magnetic parameters. There is a local maximum of 7 mA m y1 in the top 20 cmbsf. The absolute maximum around 120 cmbsf is 10 mA m y1 . Below 2 mbsf the intensities decrease sharply, and they range from 50 to 650 mA m y1 with an average of 160 mA m y1 . Usually, ca. 50% of the NRM is demagnetized at 30 mT AF. Demagnetization dia-Ž . grams Fig. 7 are good in the upper 5 m with a Ž . well-defined ChRM component Fig. 7a ,b,c . The quality of the diagrams is poorer in the uppermost Ž . core segment of 80 cm Fig. 7a . The quality of the diagrams degrades with depth down from 8 mbsf, Ž . defining the NRM components worse Fig. 7d -i . Below 10 mbsf the components cannot be properly defined, in the sediments above only normal polarities are recorded. Sediments below 12 mbsf show erratic demagnetization behavior which is not inter-Ž . pretable Fig. 7g-i . In some samples, at high AF levels the NRM tends to move away from the origin Ž . in the horizontal plain Fig. 7g , this could be a consequence of the acquisition of gyroremanent Ž . magnetization GRM; e.g., Stephenson, 1993 . 
Paleomagnetic results
Ž . ChRM intensities
Discussion
Astronomical time frame for KC19C
The quality of the paleomagnetic data in the lower half of the core is insufficient to establish the pres-Ž . ence of the BrunhesrMatuyama BrM boundary, or any reversal excursion in the Brunhes at this site.
Ž . This is rather unfortunate because the BrM boundary would have been a convenient calibration point in the lower part of the core for the reconstruction of a time frame, keeping in mind that delayed NRM acquisition is not uncommon in this type of sediment Ž . Langereis et al., 1997 . No oxygen isotope stratigraphy is available either. A reliable depth to age conversion, however, can still be made by correlating sapropels to the insolation curve. The occurrence of an exceptionally large number of sapropels in KC19C facilitates this correlation. The procedure of Ž . Lourens et al. 1996 was followed to reconstruct the time frame, and for comparison, both core KC19C Ž . and KC01B Langereis et al., 1997 are shown in Fig. 8a . In this method, the sapropel record is correlated to the 658N summer insolation target curve calculated from the astronomical solution La90 Ž . Laskar, 1990; Laskar et al., 1993 with present-day values of dynamical ellipticity of the Earth and tidal dissipation by the Sun and Moon and a time-lag of 3 ka between maxima in summer insolation and sapro-Ž . pel midpoints is adopted Lourens et al., 1996 . The maxima and minima in the insolation curve are numbered starting from the Recent. Maxima are even-numbered, while minima are odd-numbered and sapropels are named after the insolation peak at Ž which they appear, preceded by 'Si ' Lourens et al., . 1996; Langereis et al., 1997 . This nomenclature provides a more complete series of sapropel designations than the conventional 'S' nomenclature.
The calibration points used for the correlation of the sapropels to the insolation curve are given in Fig. 8 . a Correlation of the sapropels to the insolation curve Laskar, 1990 lagged by 3 ka. b Depth vs. age plot. Table 1 . Si56 consists of a well-developed sapropel with two thin sapropelitic layers a few centimeters above; the midpoint of the well-developed sapropel is used as a calibration point. Si58 is a double Ž . sapropel layer like Si16 and Si20 . There are no sedimentological indications of hiatuses in the core, so in the depth-to-time conversion continuous sedimentation was assumed. This results in a smooth Ž . depth versus age plot Fig. 8b strongly supporting the assumption of absence of hiatuses. The age of the lowermost sample with the oldest sediment is calculated by linear extrapolation from the Si58-Si64 interval. A decreasing sedimentation rate with increasing depth may be related to initial compaction as a consequence of increasing sediment load.
The lowermost sample in KC19C corresponds to an age of 943 ka, therefore, this sediment was deposited well within the Matuyama chron. Linear extrapolation from the Si58-Si64 interval may underestimate the age for the base of the core as a lower sedimentation rate would be more appropriate due to slightly increased compaction in the lower-Ž most part of the core in fact linear extrapolation from the Si50-Si64 interval would yield an age of 
The present-day diagenetic system at site 19C deduced from porewater data
The solid phase of marine sediments reflects both past and present diagenesis, whereas porewaters only reflect ongoing processes. We will first discuss the present-day diagenetic system in KC19C revealed by the porewater chemistry. The most important early diagenetic process in marine sediments is the oxidation of organic matter by micro-organisms using a sequential series of oxidants in decreasing order of Ž thermodynamic energy yield e.g., Froelich et al., . 1979; de Lange, 1986 . The order of oxidants is Ž . Ž . oxygen, nitrate, Mn hydr oxides, Fe hydr oxides and sulfate. It should be realized that not only the presence or absence of certain oxidants determines the diagenetic reactions but also their reactivity and availability. The Eh value is an important indicator of the redox state in the sediment. Eh decreases Ž rapidly in the top of the sediment towards Si2 Fig. . 3 . Below Si2 Eh increases again, but at 180 cmbsf it decreases to negative values, indicating anoxic conditions. The presence of sulfide in the porewaters Ž . and the decrease of porewater sulfate Fig. 3 confirm that sulfate reduction is occurring in the sediments.
The increasing ammonium and alkalinity concen-Ž . trations and decreasing pH with depth Fig. 3 show that organic matter degradation is important in these sediments. Ammonium reacts with oxygen or Mn Ž . Ž . hydr oxides to form nitrate Murray et al., 1995 ; the high concentration of ammonia therefore indi-Ž cates that these oxidants oxygen and Mn Ž . . hydr oxides are depleted in a large part of the core. In fact, the top 30 cmbsf of the core are similar to average eastern Mediterranean surface sediments, where oxygen and nitrate penetrate to about 25 cmbsf. The depth of penetration is determined by the position of the youngest sapropel Si2. At the top of this sapropel, the oxidative species oxygen and nitrate react with organic C and pyrite in sapropel Si2 and with upward diffusing Mn and Fe to form Mn Ž . Ž and Fe hydr oxides burndown of the sapropel;
. Thomson et al., 1995; . Below 30 cmbsf, reduction of Mn and Fe Ž . Ž hydr oxides dominates the sediments suboxic dia-. genesis releasing Mn and Fe to the porewaters. Ž . Manganese and Fe hydr oxides may be present above buried sapropels as relicts of the burndown of these sapropels; in KC19C this occurs especially Ž . above sapropel Si8 at 275 to 280 cmbsf Fig. 4 .
At most abyssal eastern Mediterranean sites suboxic decomposition of organic matter remains the most important diagenetic process in at least the upper 100 m of sediment; sulfate reduction and Ž consequent sulfide production are not important e.g., . Emeis et al., 1996 . It is therefore remarkable that in KC19C sulfide is present in the porewaters, its con-Ž . centration steadily increasing with depth Fig. 3 .
The porewater Mn profile shows that reductive Ž . dissolution of Mn hydr oxides is most pronounced Ž .
2q between 100 and 300 cmbsf Fig. 3 
Solid phase expressions of the present-day diagenetic system
Examples of present-day diagenesis are the solid phase Mn and Fe enrichments above sapropel Si2 Ž . 
Solid phase expressions of past diagenetic systems
Sapropels
Examples of relicts of past diagenetic systems are the S and Fe enrichments within and below each Ž . sapropel Fig. 4 that formed as a result of sulfate reduction and subsequent Fe sulfide formation during sapropel deposition or shortly after burial of the Ž . sapropels Passier et al., 1996 . Solid phase Ba en-Ž . richments Fig. 4 are also associated with the sapropels, as barite is an indicator of increased productivity in the surface waters during sapropel formation Žvan Os et al., 1994; van Santvoort et al., 1997; . Diagenetic remobilization of Ba out of sapropels may cause peaks in solid phase Ba 
Oxidation fronts
Other relicts of past diagenetic systems are the distinct Mn enrichments directly above sapropels Ž . Ž Fig. 4 , which are most pronounced above Si8 Fig. . 11 , Si16, Si30 and Si38. These enrichments are Ž . indicators of initial precipitation of Mn hydr oxides during past non-steady-state oxidation of the top of a sapropel shortly after its deposition, such as the precipitates that have formed recently above sapropel Ž . Ž . Si2 van . The Mn hydr oxides formed at ancient oxidation fronts are being dissolved in the suboxic and anoxic environments that have been present in the sediments after the precipi-Ž . tation of the hydr oxides. This is reflected by the progressively decreasing peak-heights of the Mn enrichments above sapropels with depth. The Mn enrichments above sapropels are accompanied by Fe enrichments, which are also relicts of past oxidation fronts above sapropels. These Fe enrichments appear to have been pyritized, as follows from the S enrich-Ž . ment at the same level Fig. 11 . The Mn enrichment between 800 and 900 cmbsf may be a relict of the position of a past oxidation front, which was not associated with a sapropel. In this interval of the sediment violet-colored zones in the sediment are visible. This Mn enrichment is associated with an Fe enrichment just below. The Fe enrichment likely formed at the same oxidation front as the Mn enrichment, but the Fe oxides appear to have been sulfidized, so that there is also an enrichment of solid phase S at this level.
Relation between sediment diagenesis and magnetic properties
The magnetic parameters ChRM, ARM, x , IRM, in Ž . Fig. 6 all show the same pattern with depth in core Ž . KC19C Fig. 12 . Above sapropel Si2, the magnetic intensities are relatively high, whereas just below sapropel Si2 the magnetic intensities are relatively Ž low note that no samples for magnetic measure-. ments were taken in and 10 cm around the sapropels . In between the sulfidized zone below sapropel Si2 and the suboxicranoxic boundary at about 2 mbsf Ž . Ž . Ž . Fig. 11 . Contents of organic C C , Ba, total S S , total Fe Fe and Mn within and around sapropel Si8 in sediments of KC19C. Fig. 12 . Different diagenetic zones and consequences for the Fe hydr oxide minerals and magnetic intensities in the top of core KC19C.
Ž . The authigenic iron oxides above Si2 are formed at the level where upward diffusing Fe II meets with downward diffusing oxidants Ž . oxygen and nitrate . In the sapropel and the sulfidized zone below the sapropel, where detrital iron oxides were originally present, reductive Ž dissolution and transformation into pyrite has removed these magnetic minerals, resulting in low magnetic intensities Langereis et al., . 1997 . In between the sulfidized zone below Si2 and the suboxicranoxic boundary at ; 2 mbsf, detrital iron oxides are still present and are Ž . only slowly dissolving in the suboxic environment, below the suboxicranoxic boundary iron oxides both detrital and authigenic have been removed by reductive dissolution and pyrite formation, and consequently the magnetic intensity is minimal.
the magnetic intensities show an absolute maximum. Below the suboxicranoxic boundary, the magnetic intensities are at very low levels ranging from 1% to ; 10% of the maximum.
The features in the top of core KC19C above the suboxicranoxic boundary are identical to those in Ž . KC01B Dekkers et al., 1994; Langereis et al., 1997 . Typically, directly above sapropels high magnetic intensities are present as a result of precipitation of magnetic minerals, as occurs at present above the Ž . youngest sapropel Si2 van . This yields high intensities in the upper 20 cmbsf. Low values of ARM and ChRM just below sapropels, as recorded below Si2 in KC19C, can be associated with the dissolution of magnetic minerals as a result of downward sulfidation beneath sapro-Ž . pels Passier et al., 1996 during sapropel formation. Values of x in KC01B have less distinct minima in below sapropels than ARM and NRM; this is also observed below Si2 in KC19C, and is attributed to Ž . the fact that changes in ferrimagnetic susceptibility are buffered by the paramagnetic contribution of clay minerals.
The change to the low intensities in the lower, anoxic, part of the core is the result of reductive Ž . dissolution of magnetic Fe hydr oxide minerals Ž . magnetically predominantly magnetite and the re-Ž . action of these Fe hydr oxides to pyrite. These reactions have influenced all sediments older than ; 50 ka. The dissolution and pyritization of mag-Ž netite is common in anoxic marine sediments e.g., . Canfield and Berner, 1987 . Several investigators Že.g., Karlin and Levi, 1985; Channell et al., 1990; Karlin, 1990a,b; Leslie et al., 1990a,b; Robinson, . 1990; Bloemendal et al., 1993; Schwartz et al., 1997 have found that anoxic diagenesis affects magnetic parameters, and that it is important to identify such influence before drawing paleomagnetic and paleoclimatic conclusions from magnetic properties in nearshore as well as in pelagic sediments.
Magnetic mineralogy
The decrease of ARMrIRM with depth between Ž . 0 and 2 mbsf Fig. 13 shows a slight decrease of the single domain magnetite fraction, indicating a possi-Ž ble preferential dissolution of smaller grains e.g., . Leslie et al., 1990a . This sediment interval coincides with the suboxic zone in which Mn and Fe are Ž . actively released to the porewaters Fig. 3 as a result Ž . of reductive dissolution of Fe and Mn hydr oxides. The subsequent shift to higher ARMrIRM from 2 to Ž . 8 mbsf Fig. 13 in the sulfidic part of the sediment may indicate breakup of larger multidomain grains, making them look like single domain grains, or the slightly with depth from 2 to 8 mbsf, implying that relatively unoxidized magnetite becomes increasingly important with depth in the anoxic zone relative to hematite and goethite. Preferential dissolution of hematite and goethite is likely, because the halflives with respect to consumption by sulfide for hematite and goethite are orders of magnitude smaller Ž . than that for magnetite Canfield et al., 1992 . A remarkable step to higher ARMrIRM and S-ratio Ž . values below 15 mbsf Fig. 13 may be related to changes in the detrital input to the sediment.
The sharp dip in the S-ratio just above 2 mbsf Ž . Fig. 13 Dekkers and Schoonen, 1996 . Additionally, this dip in the S-ratio just above 2 mbsf coin-Ž . cides with a spike in Fe 
Sulfidation of the sediments
The rapid shift from positive to negative Eh values at 180 cmbsf in KC19C indicates the transition from an oxic to a sulfidic environment. The shift coincides with an increase in pyrite contents and an abrupt loss of magnetic minerals. Clearly, the sediments at site 19C are sulfidized by the upward flux of sulfide. The relationship between sedimentary Fe and S provides insight into this sulfidation process.
The We have taken reactive Fe to be equal to dithioniteextractable Fe, as recommended by Raiswell et al. Ž . 1994 . The amount of reduced S in sediments is usually closely related to the C content, because org with increasing C a larger amount of organic org matter is metabolizable, resulting in more sulfide Ž production e.g., Berner and Raiswell, 1983; Berner, . 1984; Leventhal, 1987 . In 'normal' marine sediments the regression line in a S vs. C plot has a slope Ž . of 1r2.8 S rC ratio, wt.%rwt.% and passes tot org Ž through the origin assuming that S fractions other . Ž . than reduced S are negligible . In euxinic sulfidic marine environments, however, sulfide is om-Ž . nipresent independent of local C contents and Fe org sulfide formation can take place in the water column or at the sedimentrwater interface. Even slowly reacting Fe compounds may react with sulfide in such environments, whereas rapidly reacting Fe compounds are depleted. Consequently, positive intercepts on the S axis are obtained in S vs. C plots for euxinic sediments, and only weak correlations may Ž be observed e.g., Leventhal, 1983; Berner, 1984; . Calvert and Karlin, 1991; Lyons and Berner, 1992 . Postdepositional sulfidization of C -poor sediments org may result in extremely high S:C ratios, an overlying Ž sapropel may be the sulfide source Boesen and Postma, 1988; Middelburg, 1991; Leventhal, 1995; . Passier et al., 1996 . Plots of the pyrite contents versus C contents in the transitional interval around org Ž . 180 cmbsf in core KC19C Fig. 14 illustrate that this pyrite is not supported by the amount of organic Ž C, as in the 'normal marine' correlation e.g., . Raiswell and Berner, 1985 . Consequently, the reduced S present in the sediments below 180 cmbsf cannot entirely originate from sulfate reduction that oxidizes sedimentary organic matter at the interval of pyrite formation. It is likely that sulfide has been added to the sediment from another source. The pyrite content is distinctly higher in the two samples from the pyrite peak between 180 and 200 cmbsf Ž . The atypical sulfidization in the sediments of core KC19C compared to core KC01B is also clear from comparison of S vs. C for non-sapropel samples tot org at 10 cm resolution in core KC19C and the same plot Ž for core KC01B Fig. 15 ; Dekkers et al., 1994; van . Santvoort et al., 1997 . This comparison reveals that the S contents in relatively C -poor sediments are org much higher in KC19C than in KC01B, indicating again the sulfidation of organic poor sediments in KC19C.
Ž . Ž . Fig. 15 . Total S S vs. organic C C in non-sapropel tot org samples at a resolution of 10 cm in cores KC19C and KC01B.
Source of reduced S
The source of the reduced S that sulfidized the sediments in KC19C below 180 cmbsf is clearly not sulfate reduction by bacteria decomposing sedimentary organic matter in the zone of pyrite formation.
Ž . The linear sulfate concentration profile Fig. 3 in the upper 17.5 mbsf of sediment suggests that the sulfate concentration is controlled by diffusion from the bottomwater to 17.5 mbsf. If a significant amount of sulfate were reduced above, the sulfate concentration profile would be convex-upward. At 17.5 mbsf, sulfate is used, apparently in bacterial sulfate reduction, whereby sulfide is formed. This sulfide, in turn, diffuses away from the site of sulfide formation, and titrates all Fe available for pyrite formation. This titration has resulted in the nearly complete consumption of magnetic minerals up to 180 cmbsf. The depth to which sulfide reaches from below is not only controlled by the amount of solid phase Fe available for pyrite formation but also by the diffu-Ž . sive flux of Fe II from above.
It is not clear from the geochemical data why sulfate reduction is occurring at 17.5 mbsf. At 17.5 mbsf there is no organic C enrichment to support significant sulfate reduction. Another striking feature is that below 17.5 mbsf, porewater sulfate increases again in a linear way, suggesting the upward diffusion of sulfate. Underlying Messinian salts are the likely source of sulfate, as indicated by the increas-Ž . ing concentrations of chloride with depth Fig. 3 Ž . van Santvoort and de Lange, 1996 . Sulfate reduction is situated in a confined zone around 17.5 m. Considering the highly fluctuating P-wave velocities below 18.5 mbsf and the presence of expansion cracks that suggest that these sediments are disturbed, a possible explanation for sulfate reduction in the lower end of the core could be a lateral input of methane, and subsequent anoxic methane oxidation by bacterial sulfate reduction. If methane input is governing sulfate reduction, this process does not have to be constant in time, for methane may accumulate and migrate up in the sediments during distinct events.
The process of sulfate reduction through anoxic methane oxidation, and upward diffusion of salt is similar, although on a smaller scale, to the processes observed in mud volcanoes along the Mediterranean 
Conclusions
Anomalous present-day sulfide formation due to bacterial sulfate reduction at 17.5 mbsf in the sedi-Ž . ment age ; 800 ka at site 19C in the eastern Mediterranean has caused reductive dissolution of reactive Fe minerals and consequent pyrite formation in the entire sediment column up to about 2 mbsf Ž . age ; 50 ka . The suboxic to anoxic transition is located at this depth and sulfide diffuses from below to this level. This depth is controlled by the relative magnitudes of the upward sulfide flux and the down-Ž . ward Fe II flux in the suboxic sediments above the transition. The entire cored interval below, i.e. to Ž . 19.6 mbsf age ; 950 ka , has been severely influenced by this reductive dissolution of Fe Ž . hydr oxides. Consequently, only low magnetic intensities can be obtained below 2 mbsf, and no paleomagnetic information can be obtained below 10 mbsf at this site. and NIOZ are thanked for financial and technical support of this cruise. This research was partly sponsored by the European Union MAST- 
